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t o r r  to  p r e v e n t  th e  i m p r i s o n m e n t  o f  th e  K r e s o n a n c e  r a d i a t i o n .  T h e  
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 ► R b 5 2 p 1 / 2 ) w a s  fo u n d  to  b e  5. 7 X 2 an d  a  c o m p a r i s o n  w i th  th e  c r o s s
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g o v e r n s  th e  e n e r g y  t r a n s f e r  in d u c e d  b y  R b  - C s  an d  K - R b  c o l l i s io n s .
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I. INTRO D U CTIO N
W hen a  m i x t u r e  of p o t a s s i u m  a n d  r u b id i u m  v a p o u r  is
i r r a d i a t e d  w i th  o n e  c o m p o n e n t  of th e  p o t a s s i u m  o r  r u b id i u m  d o u b le t ,
th e  f l u o r e s c e n t  l ig h t  w i l l  c o n s i s t  of th e  c o m p o n e n t  p r e s e n t  in  the
in c id e n t  l ig h t  ( r e s o n a n c e  f l u o r e s c e n c e )  a s  w e l l  a s  t h o s e  c o m p o n e n ts
w h ic h  a r i s e  a s  a  r e s u l t  of t r a n s f e r  of e x c i t a t i o n  e n e r g y  b y  c o l l i s i o n s
1 2( s e n s i t i z e d  f l u o r e s c e n c e ) .  R. W. W ood ’ f i r s t  o b s e r v e d  s e n s i t i z e d
3
f l u o r e s c e n c e  in  p u r e  s o d iu m  v a p o u r  a n d  l a t e r ,  Wood a n d  M o h le r  an d
4
L o c h t e - H o l t g r e v e n  s tu d ie d  s o d i u m - i n e r t  g a s  m i x t u r e s .  S e n s i t i z e d
f l u o r e s c e n c e  in  p o t a s s i u m ,  r u b id i u m  a n d  t h e i r  m i x t u r e s  w a s  s tu d ie d
5 6 7b y  T h a n g a r a j  w h i le  S e iw e r t  , H o f fm a n n  an d  S e iw e r t  , a n d  B u n k e  an d
O
S e iw e r t  i n v e s t i g a t e d  s o d iu m ,  p o t a s s i u m  a n d  c a e s i u m  r e s p e c t i v e l y .
A l l  th e  a b o v e  a u t h o r s  w o r k e d  a t  h ig h  a l k a l i  v a p o u r  d e n s i t i e s ,  w h e r e  
th e  r e s o n a n c e  f l u o r e s c e n c e  is  s u b j e c t  to  m u l t i p l e  a b s o r p t i o n s  a n d  r e ­
e m i s s i o n s .  T h is  e f f e c t ,  k now n  a s  r a d i a t i o n  d if fu s io n ,  r a d i a t i o n  i m p r i s o n ­
m e n t  o r  m u l t i p l e  s c a t t e r i n g ,  in  e f f e c t  i n c r e a s e s  th e  l i f e t i m e  of th e
e x c i t e d  s t a t e .  T h e o r e t i c a l  c o r r e c t i o n s  h a v e  b e e n  m a d e  to  a c c o u n t  f o r
.5 9 10 1radiation diffusion; Thangaraj employed Milne's theory and Seiwert ’
12a d a p te d  th e  t h e o r y  of H o l s t e i n
In  r e c e n t  y e a r s ,  e x p e r i m e n t s  h a v e  b e e n  c o n d u c te d  a t  e x ­
t r e m e l y  lo w  a l k a l i  v a p o u r  d e n s i t i e s  w h e r e  d i f fu s io n  of r a d i a t i o n  is
1
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13v i r t u a l l y  a b s e n t .  C h a p m a n  a n d  K r a u s e  s tu d ie d  b o th  p u r e  p o t a s s i u m
14a n d  p o t a s s i u m - i n e r t  g a s  m i x t u r e s  w h i le  C z a jk o w s k i  a n d  K r a u s e
i n v e s t i g a t e d  p u r e  c a e s i u m  c r o s s  s e c t i o n s  fo l lo w e d  b y  c a e s i u m - i n e r t
15g a s  c r o s s  s e c t i o n s  b y  C z a jk o w s k i ,  M c G i l l i s  a n d  K r a u s e  . A c c u r a t e
r e s u l t s  h a v e  a l s o  b e e n  o b ta in e d  f o r  p u r e  r u b id i u m  an d  r u b i d i u m - i n e r t
1 A 17g a s  s y s t e m s  b y  R a e  a n d  K r a u s e  a n d  P i t r e ,  R a e  a n d  K r a u s e  r e s p e c ­
t i v e ly .
T h u s  f a r ,  o n ly  o n e  i n v e s t i g a t i o n  d e a l in g  w i th  a  m i x t u r e  of
tw o  m e t a l s  a t  lo w  v a p o u r  d e n s i t i e s  h a s  b e e n  p e r f o r m e d .  C z a jk o w s k i ,
18M c G i l l i s  a n d  K r a u s e  s tu d i e d  a  r u b i d i u m - c a e s i u m  m i x t u r e  a n d  o b ta in e d  
t o t a l  c r o s s  s e c t i o n s  f o r  i n e l a s t i c  c o l l i s i o n s  b e tw e e n  e x c i t e d  r u b id i u m  
a t o m s  a n d  g r o u n d  s t a t e  c a e s i u m  a t o m s .  In  th e  p r e s e n t  in v e s t ig a t io n ,  
a  r u b i d i u m - p o t a s s i u m  m i x t u r e  w a s  s tu d ie d .  In  p r i n c i p l e ,  th e  p r o c e s s e s  
w h ic h  c a n  b e  o b s e r v e d  m a y  be  r e p r e s e n t e d  b y  th e  fo l lo w in g  e q u a t io n :
(1) K (42 P j )  + R b (5 2 S l / 2 ) K (42 S 1 / 2 ) + R b (5 2 P j )  + A E  ,
w h e r e  J  = 1 /2  o r  3 /2  a n d  i s  th e  e n e r g y  d e f e c t  b e tw e e n  a  p a r t i c u l a r
2p a i r  of P  s t a t e s  in  p o t a s s i u m  a n d  r u b id i u m .  F o r  th e  f o r w a r d  p r o c e s s ,  
th e  e n e r g y  d e f e c t  A E  is  c o n v e r t e d  in to  r e l a t i v e  k in e t ic  e n e r g y  of th e  
c o l l id in g  a t o m s ,  w h e r e a s  in  th e  r e v e r s e  p r o c e s s ,  A E  i s  s u p p l i e d  b y  
th e  c o l l id in g  p a r t n e r s .
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II. T H E O R E T IC A L
T h e  p r o c e s s e s  t h a t  o c c u r  w h en  th e  m i x t u r e  of p o t a s s i u m
o
a n d  r u b id i u m  v a p o u r s  is  i r r a d i a t e d  c o n t in u o u s ly  w i th  th e  K  7665 A 
c o m p o n e n t  a r e  d e p i c t e d  in  F ig .  1. T h e  s o l id  a r r o w s  d e n o te  th e  p r i m a r y  
p r o c e s s  w h ic h  g iv e s  r i s e  to  s e n s i t i z e d  f l u o r e s c e n c e  in  r u b id iu m ,  and  
th e  b r o k e n  a r r o w s  sh o w  s o m e  of th e  s e c o n d a r y  r e a c t i o n s  b y  w h ic h  
s e n s i t i z e d  f l u o r e s c e n c e  c a n  a l s o  b e  p r o d u c e d .
T h e  v a r i o u s  r e a c t i o n s  m a y  b e  r e p r e s e n t e d  b y  th e  fo l lo w in g
e q u a t io n s :
( 2 ) K<4 2 S l / 2 ) + h V 2 — 5 y K ( 4 2 p 3 / 2 )
(4)
(3) ) + R b (5 2 P  ) 
3 /2
+ Rb(5 P 1 / 2 )
2
( ? )
( 6 )
(5)
( 8 ) K( P 3/2)  + M<2 s i/2> — ^  K(42p1/ 2 > + M(2Sl /2
3
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42
5 7 cm-
Z2V
5  2Pi
s (r)"' (r*) 
1
1
(r/)
4 2 q  _ i — ---------- 3
2 7 9 4 8A 787699A 7 6 6 5 ^
T
6 8 cnrr'
2 4  I c m -1
F ig .  1. E n e r g y  l e v e l  d i a g r a m  sh o w in g  s e n s i t i z e d  f l u o r e s c e n c e  in
R b  in d u c e d  b y  c o l l i s i o n s  w i th  K a t o m s  in  t h e i r  ^ P ^ / Z  s t a t e s .  
T h e  s c o e f f i c i e n t  d e n o te s  e x c i t a t i o n  b y  th e  a b s o r p t i o n  of 
p h o to n s ,  th e  ( '£  ) “ 1 c o e f f i c i e n t s  r e f e r  to  s p o n ta n e o u s  r a d i a t i v e  
d e c a y  an d  th e  Z c o e f f i c i e n t s  to  r a d i a t i o n l e s s  t r a n s f e r  o f  
e n e r g y  b y  i n e l a s t i c  c o l l i s i o n s .  T h e  p r i m a r y  p r o c e s s e s  a r e  
r e p r e s e n t e d  b y  s o l id  a r r o w s .
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(r j_1
(9) K { 4 ZV l l 2 )- 1------y  k ( 4 ^ S i / 2 } + h V i ,
z
(10) K (4 2 P 1 / 2 ) + R b ( 5 2S 1 / 2 )--------^ - > K ( 4 2 S l / 2 ) + R b (5 2P 3 / 2 )
Z /
(11) K (4 2 P 1 / 2 ) + R b ( 5 2S 1 / 2 )--------^ - y  K (4 2 S l / 2 ) + R b ( 5 2P 1 / 2 )
w h e r e  s i s  th e  n u m b e r  of p o t a s s i u m  a t o m s  e x c i t e d  p e r  s e c o n d  f r o m  th e  
4 2 S ^ / 2 to  th e  4 ^ P 3 ^ 2 s t a t e ,  M i s  e i t h e r  a  p o t a s s i u m  o r  r u b i d i u m  a t o m  
in  th e  g ro u n d  s t a t e ,  i> '£’?> /  > a n d  T  '  a r e  th e  a v e r a g e  l i f e t i m e s  of ^ 6 JL Cd
th e  4 2P i / 2 *  ^ 2^ 3 / 2 ’ ^ ^ 1 / 2  anc  ^ ^ ^ * 3 / 2  s t a t e s  *n  p o t a s s i u m  and  
r u b i d i u m  r e s p e c t i v e l y ,  a n d  Z ^ ' ,  Z ^ '  , Z ^ ,  Z and  Z '  a r e  
c o l l i s i o n  n u m b e r s  r e p r e s e n t i n g  th e  n u m b e r s  o f  c o l l i s i o n s  p e r  e x c i t e d  
a t o m  p e r  s e c o n d  w h ic h  g iv e  r i s e  to  r a d i a t i o n l e s s  e n e r g y  t r a n s f e r .
S e v e r a l  of th e  a b o v e  p r o c e s s e s  m a y  be  n e g l e c t e d  b e c a u s e
_ r
of t h e i r  r e l a t i v e l y  s m a l l  p r o b a b i l i t y .  A t K p r e s s u r e s  of 10" t o r r ,  th e  
m ix in g  of th e  tw o  4 P  l e v e l s  b y  c o l l i s i o n s  p r o d u c e s  a  r a t i o  of a b o u t  
10 ^ of s e n s i t i z e d - t o - r e s o n a n c e  f l u o r e s c e n t  i n t e n s i t i e s T h u s ,  
p r o c e s s e s  ( 8) a n d  (9) a r e  n e g l ig ib l e  a s  c o m p a r e d  to  (2) a n d  (5 ) ,  and  
p r o c e s s e s  (10) a n d  (11) a r e  n e g l ig ib l e  in  c o m p a r i s o n  w i th  (3) an d  (4).
I t  s h o u ld  b e  p o in te d  o u t  th a t  p r o c e s s e s  l e a d in g  to  c o l l i s io n a l  m ix in g  of 
th e  tw o 5 ^ P  s t a t e s  of rubidium., r e p r e s e n t e d  b y  th e  c o l l i s i o n  n u m b e r s  
Z ^ / 2/  an d  Z ^ ' j '  in  F ig .  1, a r e  o m i t t e d  in  e q u a t io n s  (2) - (11) s in c e  th e  
r a t i o  of s e n s i t i z e d - t o - r e s o n a n c e  f l u o r e s c e n t  i n t e n s i t i e s  of 10" ^  a t  
r u b i d i u m  v a p o u r  p r e s s u r e s  of 1 0 ” ^ t o r r ^  m a k e  th e  o b s e r v a t i o n  of t h e s e
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If  o n ly  th e  K 7665 A c o m p o n e n t  i s  u s e d  f o r  e x c i t a t i o n ,  th i s  
w i l l  r e s u l t  in  o p t i c a l  e x c i t a t i o n  o f  th e  K 4 P 3 / 2  l e v e l ,  s p o n ta n e o u s  d e c a y ,  
a n d  th e  p r i m a r y  c o l l i s i o n a l  p r o c e s s e s  sh o w n  in  F ig .  1. A s s u m i n g  th a t  
t h e  R b  - K v a p o u r  m i x t u r e  e x i s t s  in  d y n a m ic  e q u i l i b r i u m ,  th e  fo l lo w in g  
r a t e  e q u a t io n s  m a y  b e  w r i t t e n :
(12) d N ( 4 2 p 3 / 2 ) = s _ N ( 4 2p ? / ^  2) - l  + z 2^  + zz^ ] = 0  ,
dt
(13) dN (5 P 3 / 2 ) = Z22/ N (4 2 p 3 / 2 ) .  ( ^ 2' ) “ 1 N ( 5 2 p 3 / 2 ) = 0 ,
d t
(14) dN(5 P 3 / 2 ) = N (4 2 p 3 / 2 ) _ ( r p - l  N ( 52P i / 2 ) = 0 ,
dt
w h e r e ,  f o r  e x a m p l e ,  N (4 ^ P 3 / 2) d e n o te s  th e  d e n s i t y  of 4: ^ P 3 ^2 p o t a s s i u m  
a to m s .  E q u a t io n s  (13) a n d  (14) y ie ld :
(15) Z 22'  = <,Xz r l % Z 2 Z 2 l '  = ( ‘C 2) ' 1 7 t 2 1 /  •
w h e r e  ^ 2 ^  an d  r e P r e s e n t  th e  r a t i o s  of s e n s i t i z e d - t o - r e s o n a n c e
f l u o r e s c e n t  i n t e n s i t i e s  w h ic h  a r e  m e a s u r e d  e x p e r i m e n t a l l y :
( 16 ) 1  z {  -  M Z 5 2 ! § J  and  -  I I I S I L A )  .
I (7665 A) I (7665 A)
o
If ,  i n s t e a d ,  th e  K 7699 A c o m p o n e n t  i s  u s e d  f o r  e x c i t a t io n ,  tw o  f u r t h e r  
r e s u l t s  a r e  o b ta in e d :
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(17) Z 12'  = ( t  and  Z u '  = ( " t  j )" 17 t  ! l '  ■
w h e r e
(18) 9 ,  12'  = 1 (7 8 0 0  A) a n d ^ j j '  = l i ? 948 A ) .
I ( 7699  A) I (7699 A)
T h e  r e v e r s e  p r o c e s s ,  in  w h ic h  th e  r u b id i u m  a t o m s  a r e
i n i t i a l l y  e x c i t e d  and  s e n s i t i z e d  f l u o r e s c e n c e  in  p o t a s s i u m  r e s u l t s  f r o m
c o l l i s i o n a l  e x c i t a t i o n ,  m a y  a l s o  b e  o b s e r v e d .  A s  in  th e  p r e v i o u s  c a s e ,
s i m i l a r  e x p r e s s i o n s  f o r  th e  c o l l i s io n  n u m b e r s  a r e  d e r iv e d .  E x c i t a t i o n  
o
w i th  th e  R b  7800 A  c o m p o n e n t  y ie ld s :
(19) Z 2 / 2 = ( r 2' > ' i 7 l 2 ' 2 a n d Z 2 / l = ( t ' 2 ' > ' 1 7 2 2' l  •
w h e r e
(20) 7 ^ 2 = U Z W 5 A I  a n d ^ 2 , 1 1 I I 6 9 9  A) ,
I (7800  A) L I (7800  A)
o
E x c i t a t i o n  w i th  th e  R b  7948 A c o m p o n e n t  g iv e s :
(2!) Z \ Z  = ^ ' t \ )  1 \  1 2^ and Z l / 1 = 1 1*^ 1 >
w h e r e
o
A)(22 , 7 l  = 1 <7 6 6 5  a n d  T , ^  = 7 (7699 
I (7948 A) u  I (7948 A)
B y  a n a lo g y  w i th  th e  g a s  k in e t i c  c r o s s  s e c t i o n ,  th e  a v e r a g e
t o t a l  c r o s s  s e c t i o n  f o r  i n e l a s t i c  c o l l i s i o n s  l e a d in g  to  e x c i t a t i o n  t r a n s f e r
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8f r o m  one a l k a l i  a t o m  in  s t a t e  ' a '  to  a n o t h e r  in  s t a t e  ' b ' ,  m a y  be  d e f in e d
a s
Zab(23) Q ab  = ab
Nc Vr
w h e r e  N o i s  th e  d e n s i t y  o f  th e  g r o u n d  s t a t e  a t o m s  b e lo n g in g  to  th e  
s p e c i e s  w h ic h  i s  n o t  b e in g  e x c i t e d  a n d  V r  i s  th e  a v e r a g e  r e l a t i v e  
v e l o c i t y  of th e  tw o  c o l l id in g  a t o m s  g iv e n  b y
(24) V =
r  N
8kT
7T/l
k  i s  th e  B o l t z m a n n  c o n s t a n t ,  T th e  a b s o lu t e  t e m p e r a t u r e ,  a n d  th e  
r e d u c e d  m a s s  of th e  tw o  c o l l id in g  p a r t n e r s .
E q u a t io n  (23) i n d i c a t e s  t h a t  th e  c o l l i s io n  n u m b e r s  Z (an d ,  
h e n c e  th e  i n t e n s i t y  r a t i o s ,  7l ) s h o u ld  v a r y  l i n e a r l y  w i th  th e  v a p o u r  
d e n s i ty .  T h i s  f a c t  m a y  b e  u s e d  a s  a  c r i t e r i o n  f o r  th e  r e l i a b i l i t y  of 
th e  m e a s u r e m e n t s  an d  i s  v a l id  o n ly  a t  v e r y  s m a l l  v a l u e s  an d  v e r y
14low  v a p o u r  d e n s i t i e s  w h e r e  r a d i a t i o n  i m p r i s o n m e n t  i s  v i r t u a l l y  a b s e n t
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III. D E S C R IP T IO N  OF TH E A PP A R A T U S
A s c h e m a t i c  a r r a n g e m e n t  of th e  a p p a r a t u s  i s  sh o w n  in  
F ig .  2. R e s o n a n c e  l i n e s  e m i t t e d  f r o m  a n  r f  l ig h t  s o u r c e  w e r e  s e p a r a t e d  
b y  a  g r a t i n g  m o n o c h r o m a t o r  in  s e r i e s  w i th  a  s e t  of i n t e r f e r e n c e  f i l t e r s .  
T h e  m o n o c h r o m a t i c  b e a m  w a s  th e n  f o c u s e d  in  a  f l u o r e s c e n c e  c e l l  
e n c l o s e d  in  a n  e l e c t r i c a l l y  h e a t e d  o v e n  w h o s e  t e m p e r a t u r e  w a s  a c c u r a t e l y  
c o n t r o l l e d .  F l u o r e s c e n t  l ig h t ,  o b s e r v e d  a t  r i g h t  a n g le s  to  th e  i n c id e n t  
b e a m ,  p a s s e d  th r o u g h  a  s e c o n d  s e t  of f i l t e r s  a n d  w a s  f o c u s e d  on  th e  
p h o to c a th o d e  of a p h o to m u l t i p l i e r  tu b e .  T h e  p h o to m u l t i p l i e r  c u r r e n t  w a s  
r e g i s t e r e d  b y  a n  e l e c t r o m e t e r  a m p l i f i e r  a n d  s t r i p  c h a r t  r e c o r d e r  o r  a 
c o u n t in g  t r a i n  c o n s i s t i n g  of a  p r e a m p l i f i e r  an d  a  s c a l e r .
T h e  l ig h t  s o u r c e  h a s  b e e n  d e s c r i b e d  e ls e w h e re ^ ® .  T h e  
r e s o n a n c e  r a d i a t i o n  w a s  e m i t t e d  f r o m  a  p y r e x  tu b e  9 c m  lo n g  a n d  1. 8 c m  
in  d i a m e t e r  t a p e r e d  a t  o n e  e n d ,  w h ic h  c o n ta in e d  a b o u t  0. 5 g o f  d i s t i l l e d  
a l k a l i  m e t a l  w i th  1. 5 t o r r  of a r g o n  a s  a  c a r r i e r  g a s .  T h e  tu b e  w a s  
p l a c e d  in  th e  t a n k  c o i l  of th e  r f  o s c i l l a t o r  w i th  th e  t a p e r e d  p o r t i o n ,  
c o n ta in in g  th e  d i s t i l l e d  m e t a l ,  r e a c h i n g  dow n  in to  a w i r e  w o u n d  h e a t e r  
coil connected through a variac to a regulated power supply. The o s c i l l ­
a t o r  w a s  o f  a  p u s h - p u l l  v a r i e t y  o p e r a t i n g  in  c l a s s  C and  f u n c t io n e d  a t  
60 M e / s e c .  A  s k in  d i s c h a r g e  w a s  m a i n t a i n e d  a n d ,  w i th  s u i t a b l e  a d j u s t ­
m e n t s  of th e  t e m p e r a t u r e  a t  th e  b a s e  of th e  l a m p ,  th e  r e s o n a n c e  l i n e s
9
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced 
with 
perm
ission 
of the 
copyright owner. 
Further reproduction 
prohibited 
without perm
ission.
- h i -
L- 2
o - Lr~ i
A
B
L f ,  L,2, L3,  L4
F 1»F 2 
F  3 
D 
E
r f  l a m p
m o n o c h r o m a t o r  
c o n d e n s in g  l e n s e s  
i n t e r f e r e n c e  f i l t e r s  
n e u t r a l  d e n s i t y  f i l t e r s  
p h o t o m u l t i p l i e r  in  th e  c r y o s t a t  
e l e c t r o m e t e r  a n d  s t r i p  c h a r t  
r e c o r d e r  o r  c o u n t in g  t r a i n  
c e l l  in  m a i n  o v en
L-3
f 2
L - 4
D
F ig .  2. S c h e m a t i c  A r r a n g e m e n t  of th e  A p p a r a t u s
11
e m i t t e d  w e r e  n a r r o w ,  i n t e n s e  and  o n ly  s l i g h t ly  s e l f - r e v e r s e d .
A B a u s c h  an d  L o m b  m o n o c h r o m a t o r  c o n ta in in g  a  1200 l in e  
o
/ m m  g r a t i n g  b l a z e d  a t  7500 A in  th e  f i r s t  o r d e r  w a s  u s e d  to  s e l e c t  one  
of th e  a l k a l i  r e s o n a n c e  l i n e s  f r o m  th e  r f  d i s c h a r g e .  T h e  i n s t r u m e n t  
h a d  a n  a p e r t u r e  of f / 4 .  4 , a  f o c a l  l e n g th  of 500 m m  an d  a  r e c i p r o c a l  
d i s p e r s i o n  of 16 1 / m m  in  th e  f i r s t  o r d e r .  T h e  l ig h t  i n t e n s i t y  t r a n s m i t t e d  
b y  th e  m o n o c h r o m a t o r  i n c r e a s e d  l i n e a r l y  w i th  s l i t  w id th  a n d  f o r  a  s l i t  
w id th  of 1. 50 m m  g a v e  a  s p e c t r a l  p u r i t y  of b e t t e r  th a n  one  p a r t  in  2000 
f o r  th e  p o t a s s i u m  d o u b le t  a n d  a b o u t  one  p a r t  in  10^ f o r  th e  r u b i d i u m  
d o u b le t .  S in c e  th e  t o l e r a n c e  of th e  f i l t e r s  to  n o n  p a r a l l e l  l i g h t  w a s  q u i te  
lo w , th e  t r a n s m i s s i o n s  of th e  w a n te d  l i n e s  w e r e  m e a s u r e d  in  s i tu .  S in c e  
th e  t r a n s m i s s i o n s  of u n w a n te d  l i n e s  a r e  d i f f i c u l t  to  m e a s u r e  in  s i t u ,  a 
p r e l i m i n a r y  e x p e r i m e n t  w a s  c o n d u c te d  in  w h ic h  a  p a r a l l e l  b e a m ,  
m o n o c h r o m a t i c  to  a b o u t  one  p a r t  i n  10  , w a s  p a s s e d  th r o u g h  e a c h  of 
th e  f i l t e r s  sh o w n  in  t a b l e  1. T h e  t r a n s m i t t e d  l ig h t  w a s  th e n  f o c u s e d  on 
th e  p h o to c a th o d e  of a  p h o t o m u l t i p l i e r  tu b e  w h o s e  c u r r e n t  w a s  a m p l i f i e d  
an d  r e g i s t e r e d  b y  a  s t r i p  c h a r t  r e c o r d e r .  B e c a u s e  of th e  d i f f e r e n t  
g e o m e t r i c  c o n d i t io n s  e x i s t i n g  in  th e  a c t u a l  e x p e r i m e n t  w h e r e  f l u o r e s c e n t  
l i g h t  w a s  r e s o l v e d  b y  th e  f i l t e r s ,  th e  v a l u e s  q u o te d  in  t a b l e  1 g iv e  o n ly  
a  r o u g h  e s t i m a t e  of th e  e x p e c te d  r e s o lu t i o n .
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T h e  v a l u e s  m a r k e d  w i th  a n  a s t e r i s k  a r e  t r a n s m i s s i o n s  of w a n te d  l i n e s  
a s  s p e c i f i e d  b y  th e  m a n u f a c t u r e r .
T h e  f l u o r e s c e n c e  c e l l ,  sh o w n  in  F ig .  3, w a s  d e s ig n e d  w i th  
t h e  in t e n t io n  o f  m i n im i z in g  th e  r e a b s o r p t i o n  of b o th  th e  e x c i t in g  l ig h t  
a n d  f l u o r e s c e n t  r a d i a t i o n .  T h i s  w a s  a c c o m p l i s h e d  b y  c o n s t r u c t i n g  th e  
e n t r a n c e  a n d  e x i t  w in d o w s  p e r p e n d i c u l a r  to  e a c h  o th e r .  T h u s ,  th e  l ig h t  
f r o m  th e  m o n o c h r o m a t o r  c o u ld  b e  d i r e c t e d  so  t h a t  th e  r e g i o n  u n d e r  
o b s e r v a t i o n  w a s  w e l l  l o c a l i z e d  in  th e  c o r n e r  b e tw e e n  th e  tw o w in d o w s.  
C a r e  w a s  t a k e n  to  a v o id  r e f l e c t i o n s  f r o m  e i t h e r  w indow  a n d  a s  a  f u r t h e r  
p r e c a u t i o n ,  th e  c e l l  w a s  c o a te d  w ith  ' a q u a d a g ' , a  c o l lo id a l  d i s p e r s i o n  
of g r a p h i t e .
T h e  s id e  a r m  c o n ta in e d  th e  a l k a l i  m e t a l  and  i t s  t e m p e r a t u r e  
c o n t r o l l e d  th e  v a p o u r  p r e s s u r e  w i th in  th e  m a i n  b o d y  of th e  c e l l .  T o
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e n t r a n c e  w indow  C s id e  a r m
e x i t  w indow  D c a p i l l a r y  to  v a c u u m  s y s t e m
F ig .  3. T h e  F l u o r e s c e n c e  C e l l
A c e l l  
B s id e  a r m
C b r a s s  s id e  oven  c o n t ro l l in g  
s id e  a r m  t e m p e r a t u r e
D end  window 
E  c o p p e r  s h e e t  
F  h e a t e r  w i r e  
G c a p i l l a r y  to  v a c u u m
F ig .  4. C e l l  in  M a in  O ven
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e n s u r e  t h i s ,  th e  s id e  a r m  w a s  m a d e  a b o u t  4 c m  lo n g  a n d  12 m m  in  
d i a m e t e r ^ .
T h e  c e l l  w a s  c o n n e c te d  to  th e  v a c u u m  s y s t e m  b y  a  c a p i l l a r y  
2 m m  in  d i a m e t e r  w h ic h  w a s  l a r g e  e n o u g h  to  e n s u r e  a  h a r d  v a c u u m  
w i th in  th e  c e l l ,  y e t  f in e  e n o u g h  to  p r e v e n t  m i g r a t i o n  of th e  a l k a l i  v a p o u r  
to  th e  o u ts id e .
T h e  f l u o r e s c e n c e  c e l l  w a s  e n c l o s e d  in  th e  m a i n  o v e n  a s  
sh o w n  in  F ig .  4. T h e  m a in  o v e n  w a s  h e a t e d  b y  tw o  8 o h m  h e a t in g  
e l e m e n t s  w h ic h  w e r e  c o n s t r u c t e d  f r o m  C h r o m e l  A h e a t in g  w i r e  (#26) 
c o v e r e d  w i th  c e r a m i c  in s u l a t i n g  b e a d s  a n d  w e r e  m o u n te d  on  th e  f lo o r  
a n d  to p  c o v e r  of a  r e c t a n g u l a r  t r a n s i t e  box. A  c o p p e r  s h e e t  c o v e r in g  
e a c h  e l e m e n t  i n s u r e d  u n i f o r m  h e a t in g  a n d  a l s o  s h ie ld e d  th e  c e l l  f r o m  
th e  glow . W in d o w s  a t  e a c h  en d  of th e  o v e n  p r o v id e d  a  m e a n s  of a d m i t t in g  
a n d  v ie w in g  th e  i n c id e n t  l ig h t  a n d  a  t h i r d  w in d o w , s i t u a t e d  on th e  f r o n t  
w a l l  f a c in g  th e  d e t e c t i o n  e q u ip m e n t ,  p r o v id e d  a n  e x i t  f o r  th e  f l u o r e s c e n t  
l ig h t .
A  s id e  o v e n  c o n s i s t i n g  of a  b r a s s  c y l in d e r  o n  w h ic h  w a s  
w o u n d  a l e n g th  o f  C h r o m e l  A h e a t in g  w i r e  ( r e s i s t a n c e  8 o h m s )  s n u g ly  
f i t t e d  th e  s id e  a r m  w h ic h  p r o t r u d e d  f r o m  th e  b a c k  w a l l  of th e  m a in  oven. 
W h e r e  n e c e s s a r y ,  s p a c e r s  o f  c o p p e r  s h e e t in g  w e r e  w r a p p e d  a r o u n d  th e  
s id e  a r m  to  e n s u r e  b e t t e r  t h e r m a l  c o n ta c t  a n d  u n i f o r m  t e m p e r a t u r e  
th ro u g h o u t .
T h e  h e a t in g  e l e m e n t s  of b o th  m a i n  an d  s id e  o v e n s  w e r e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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c o n n e c te d  to  a  t e m p e r a t u r e  c o n t r o l l e r  w h o s e  c i r c u i t  d i a g r a m  i s  sh o w n  
in  F ig .  5. T h e  t e m p e r a t u r e  of e a c h  o v e n  w a s  s e t  b y  a d j u s t in g  th e  b i a s  
l e v e l  w i th  a  p o t e n t i o m e t e r  a t  th e  b a s e  of th e  p r i m a r y  t r a n s i s t o r  c o n n e c te d  
in  a  g r o u n d e d  e m i t t e r  c o n f ig u r a t io n .  T e m p e r a t u r e  c h a n g e s  in  th e  o v e n  
p r o d u c e d  p r o p o r t i o n a l  v o l t a g e  v a r i a t i o n s  a c r o s s  a  t h e r m i s t o r  w h ic h  w e r e  
a m p l i f i e d  b y  a  g r o u n d e d  e m i t t e r  a m p l i f i e r ,  a n d  , th e  o u t  o f  p h a s e  s ig n a l  
f r o m  th e  c o l l e c t o r  w a s  f e d  in to  a  c u r r e n t  a m p l i f i e r  c o n s i s t i n g  of tw o  
e m i t t e r  f o l l o w e r  s t a g e s .  T h e  o u tp u t  c u r r e n t  f r o m  th e  l a s t  s t a g e  w a s  
f e d  in to  th e  D. C. c o i l s  of a  s a t u r a b l e  r e a c to r -  w h o se  A. C. o u tp u t  s u p p l ie d  
c u r r e n t  to  th e  o v e n s .  A  20 o h m  r h e o s t a t  c o n n e c te d  in  p a r a l l e l  w i th  th e  
s id e  o v e n  a l lo w e d  f o r  f i n e r  c o n t r o l  a t  low  t e m p e r a t u r e s .  In  th e  r e g io n  
f r o m  40°C  to  1 5 0 °C ,  t h e  s id e  a n d  m a i n  o v e n s  w e r e  m a i n t a i n e d  w i th in  
+ 0. 1°C  a n d  +_ 1. 0°C  r e s p e c t i v e l y .
T h e  r e s o n a n c e  l i n e s  in  th e  f l u o r e s c e n t  s p e c t r u m  w e r e  r e s o l v e d  
b y  a  s e t  of i n t e r f e r e n c e  f i l t e r s  an d  w e r e  f o c u s e d  on th e  p h o to c a th o d e  of 
a  16 d y n o d e  I. T. T. p h o t o m u l t i p l i e r  tu b e  c o o le d  in  a  l iq u id  a i r  c r y o s t a t .
T h e  S - 1 ( A g - O - C s )  p h o to c a th o d e  w a s  3 m m  in  d i a m e t e r  w i th  m a x i m u m  
p e a k  s e n s i t i v i t y  v a r y in g  s lo w ly  a r o u n d  8000 D u r in g  th e  e x p e r i m e n t ,  
a  F l u k e  4 1 2B p o w e r  s u p p ly  o p e r a t e d  a t  1. 8 k i lo v o l t s  w a s  c o n n e c te d  to  a 
r e s i s t i v e  d i v i d e r  c h a in  w h ic h  g a v e  a  v o l t a g e  d r o p  of a p p r o x i m a t e l y  80 
v o l t s  p e r  d y n o d e .  T h e  s ig n a l  f r o m  th e  tu b e  w a s  fe d  e i t h e r  to  a  V i c t o r e e n  
V T E  -  2 e l e c t r o m e t e r  c o n n e c te d  to  a  P h i l i p s  s t r i p  c h a r t  r e c o r d e r  o r  a  
P h i l i p s  c o u n t in g  t r a i n  c o n s i s t i n g  o f  a n  a m p l i f i e r  and  s c a l e r .
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A n  E d w a r d s  m o d e l  E O  - 2 d i f f u s io n  p u m p  f i l l e d  w i th  D ow  
C o r n in g  704 p u m p in g  f lu id ,  b a c k e d  b y  a  m o d e l  1SC50B r o t a r y  p u m p ,  
w a s  u s e d  to  e v a c u a te  th e  f l u o r e s c e n c e  c e l l .  T h i s  s y t e m ,  w h ic h  in c lu d e d  
a  l iq u id  a i r  t r a p ,  w a s  c a p a b le  of m a in t a i n in g  a  v a c u u m  of  b e t t e r  th a n
_ n
10 t o r r .  P r o t e c t i o n  f r o m  w a t e r  a n d  p o w e r  f a i l u r e  w a s  a c h i e v e d  b y  
a  r e l a y  s y s t e m  b u i l t  a r o u n d  a n  F S M  -  1 F lo w t r o l .
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IV. E X P E R I M E N T A L  P R O C E D U R E
T h e  f l u o r e s c e n c e  c e l l  w a s  c l e a n e d  w i th  d i c h r o m a t e  c le a n in g  
s o lu t io n  a n d  r i n s e d  w i th  d i s t i l l e d  w a t e r  b e f o r e  a t t a c h in g  i t  to  th e  v a c u u m  
s y s t e m  th r o u g h  th e  s id e  a r m  a n d  c a p i l l a r y .  T h e  c e l l  w a s  th e n  o u t g a s s e d  
f o r  s e v e r a l  d a y s  a t  a b o u t  150°C  u n d e r  a  v a c u u m  of 1 0 ^ t o r r .  T w o 
a m p o u l e s ,  c o n ta in in g  99. 95% p u r e  p o t a s s i u m  a n d  99. 99% p u r e  r u b i d i u m  
r e s p e c t i v e l y  ( s u p p l i e d  b y  th e  A. D. M c K a y  C o m p a n y  of N ew  Y o rk ) ,  w h ic h  
h a d  b e e n  in t r o d u c e d  in to  a n  e x t e n s i o n  of th e  s id e  a r m ,  w e r e  b r o k e n  u n d e r  
v a c u u m  a n d  a b o u t  0. 5 g o f  e a c h  m e t a l  w a s  d i s t i l l e d  in to  th e  s id e  a r m ,  
w h ic h  w a s  th e n  s e a l e d  off. T h e r m i s t o r s  a n d  c h r o m e l - a l u m e l  t h e r m o ­
c o u p le s  w e r e  a t t a c h e d  to  th e  m a i n  b o d y  o f  th e  c e l l  a n d  to  th e  s id e  a r m .
T h e  c a l c u l a t i o n  o f  t h e  c o l l i s i o n  c r o s s  s e c t i o n s  Q ab  r e q u i r e s  
a n  a c c u r a t e  k n o w le d g e  of th e  p a r t i a l  p r e s s u r e s  of th e  a l k a l i  v a p o u r s
o v e r  th e  e x p e r i m e n t a l  r a n g e  of t e m p e r a t u r e s .  S p e c i f i c a l ly ,  f o r  th e
2 2
c r o s s  s e c t i o n  Q 2 ^  (4 P 3 / 2 —► 5 1 /2^* Partial p r e s s u r e
2 2w a s  r e q u i r e d .  I t  h a s  b e e n  sh o w n  b y  R o z w a d o w s k i  an d  L i p w o r t h  th a t  
th e  u s u a l  v a p o u r  p r e s s u r e  - t e m p e r a t u r e  f o r m u l a e  f o r  a  o n e  c o m p o n e n t
system are not applicable to a two component system. This was also
18s h o w n  b y  C z a j k o w s k i ,  M c G i l l i s  a n d  K r a u s e  w ho f u r t h e r  v e r i f i e d  
2 3S e i w e r t 1 s c o n t e n t io n  t h a t  th e  p a r t i a l  p r e s s u r e  of o n e  c o m p o n e n t  
d e p e n d e d  on  th e  c o m p o s i t io n  of th e  m i x t u r e  an d  c o u ld  b e  r e p r e s e n t e d  b y
18
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t h e  f o r m u l a
(24) P j  = ^ P 0
w h e r e  P i i s  th e  p a r t i a l  p r e s s u r e  o f  one  a l k a l i  m e t a l  i n  th e  m i x t u r e ,
P o  i s  th e  v a p o u r  p r e s s u r e  of th e  p u r e  m e t a l  a t  th e  s a m e  t e m p e r a t u r e ,  
a n d  i s  i t s  m o l e  f r a c t i o n  ( r a t i o  o f  th e  n u m b e r  o f  g r a m - a t o m s  o f  th e  
m e t a l  to  th e  t o t a l  n u m b e r  of g r a m - a t o m s  p r e s e n t  in  th e  m i x t u r e ) .  In  
th e  p r e s e n t  s i t u a t i o n ,  the  m o le  f r a c t i o n  m a y b e  d e f in e d  a s
w h e r e  n(R b) a n d  n(K) a r e  th e  n u m b e r s o f  g r a m - a t o m s  o f  r u b i d i u m  an d  
p o t a s s i u m  in  th e  m i x t u r e .
T o  d e t e r m i n e  th e  p a r t i a l  p r e s s u r e  of r u b i d i u m  v a p o u r  in  
th e  R b  - K  m i x t u r e ,  a  m e th o d  sh o w n  to  b e  v a l id  b y  C z a j k o w s k i ,  M c G i l l i s
th e  i n c id e n t  b e a m  p a s s i n g  th r o u g h  th e  f l u o r e s c e n c e  c e l l .  T h e  i m a g e  of 
t h e  m o n o c h r o m a t o r  e x i t  s l i t ,  w h ic h  w a s  i n i t i a l l y  p o s i t i o n e d  in  th e  c o r n e r  
f o r m e d  b y  th e  e x i t  a n d  e n t r a n c e  w in d o w s ,  w a s  m o v e d  b a c k  an d  f o r t h  
a lo n g  th e  a x i s  of o b s e r v a t i o n  b y  l a t e r a l l y  d i s p l a c in g  th e  l e n s  in  F ig .  1 
t h r o u g h  a  d i s t a n c e  d = 1 m m  b y  m e a n s  o f  a  m i c r o m e t r i c  d e v i c e  p r e c i s e l y  
c a l i b r a t e d  w i th  a  c a t h e t o m e t e r .  T h e  e x t in c t i o n  c o e f f i c i e n t  K w a s  th e n  
c a l c u l a t e d  f r o m  th e  B e e r - L a m b e r t  law :
(25) V  _ n(Rb)
n(Rb) + n(K)
= 1
18a n d  K r a u s e  w a s  u s e d .  T h i s  m e th o d  i s  d e p i c t e d  in  F ig .  6 w h ic h  s h o w s
( 26 ) K = l n l °  ~ l n l  
d
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w h e r e  Io a n d  I a r e  th e  f l u o r e s c e n t  i n t e n s i t i e s  c o r r e s p o n d i n g  to  d = o 
a n d  d w h ic h  i s  l a r g e  c o m p a r e d  to  th e  0. 05 m m  w id e  i m a g e  of th e  
m o n o c h r o m a t o r  e x i t  s l i t .  F r o m  a  p lo t  of th e  e x t in c t io n  c o e f f i c i e n t  
a g a i n s t  t e m p e r a t u r e  f o r  p u r e  r u b i d i u m  a n d  r u b i d i u m  in  th e  K -  R b  
m i x t u r e ,  w a s  o b ta in e d  so  t h a t  e q u a t io n  (24) c o u ld  b e  e m p lo y e d  in  
d e t e r m i n i n g  th e  p a r t i a l  p r e s s u r e  o f  r u b i d i u m  v a p o u r .
T h e  v a p o u r  p r e s s u r e  o f  p u r e  r u b i d i u m  w a s  t a k e n  f r o m  a
24t e m p e r a t u r e - v a p o u r  p r e s s u r e  p lo t  g iv e n  b y  N e s m e y a n o v  . A c tu a l ly ,  
a t  v a p o u r  d e n s i t i e s  w h e r e  th e  m e a n  f r e e  p a th  i s  m u c h  g r e a t e r  t h a n  th e  
d i a m e t e r  o f  th e  t u b e ,  th e  v a p o u r  p r e s s u r e  i n  th e  m a in  b o d y  of th e  c e l l  
i s  g iv e n  b y  P  = P  \f t ' / T .  P  a n d  T a r e  th e  p r e s s u r e  a n d  t e m p e r a t u r e  
r e s p e c t i v e l y  of th e  v a p o u r  in  th e  s id e  a r m  a n d  P 1 an d  T ' a r e  th e  c o r r e s ­
p o n d in g  q u a n t i t i e s  in  th e  f l u o r e s c e n c e  c e l l .  I t  w a s  a s s u m e d ,  h o w e v e r ,  
t h a t  s in c e  th e  s id e  a r m  w a s  s h o r t  an d  w id e ,  th e  tw o p r e s s u r e s  w o u ld  
b e  e q u a l .
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V. R E S U L T S  AND D ISCU SSIO N
(i) T h e  E x p e r i m e n t a l  R e s u l t s
T h e  e x p e r i m e n t a l  v a l u e s  of th e  e x t in c t io n  c o e f f i c i e n t s  K a t
v a r i o u s  s id e  o v e n  t e m p e r a t u r e s ,  o b ta in e d  b y  e x c i t a t i o n  o f  p u r e  r u b i d i u m
v a p o u r  an d  r u b i d i u m  a t o m s  in  th e  K -  R b  m i x t u r e ,  a r e  sh o w n  in  t a b l e s
2 a n d  3 r e s p e c t i v e l y .  T h e s e  r e s u l t s  w e r e  o b ta in e d  w i th  a t  l e a s t  4
in d e p e n d e n t  r u n s  to  a s s u r e  r e p r o d u c i b i l i t y .  A  p lo t  o f  th e  e x t in c t io n
c o e f f i c i e n t s  f o r  p u r e  r u b i d i u m  v a p o u r  a g a i n s t  th e  a t o m ic  d e n s i t y  of
r u b i d i u m ,  sh o w n  in  F ig .  7, i s  l i n e a r  a t  low  v a p o u r  p r e s s u r e s .  T h e
11 3l i n e a r  r e g i o n  e x t e n d s  to  4 x  10 a t o m s / c m  w h ic h  c o r r e s p o n d s  to  a  
t e m p e r a t u r e  of 6 7 °C .  T h i s  d e t e r m i n e s  th e  t e m p e r a t u r e  r a n g e  in  w h ic h  
th e  m o l e  f r a c t i o n  Vi m a y  b e  c a l c u la te d .
P l o t s  of th e  e x t in c t i o n  c o e f f i c i e n t s  a g a i n s t  t e m p e r a t u r e  f o r  
b o th  p u r e  r u b i d i u m  a n d  th e  K -  R b  m i x t u r e  a r e  sh o w n  in  F ig .  8 . F r o m  
t h e s e  c u r v e s ,  th e  t e m p e r a t u r e  (a n d  h e n c e  th e  v a p o u r  p r e s s u r e )  of p u r e  
r u b i d i u m  w a s  r e a d  off, c o r r e s p o n d i n g  to  a  g iv e n  v a lu e  of th e  e x t in c t io n  
c o e f f i c i e n t  f o r  r u b i d i u m  in  th e  m i x t u r e ;  t h i s  g iv e s  th e  p a r t i a l  p r e s s u r e  
o f  r u b i d i u m  v a p o u r  a t  a  s p e c i f i e d  temperature of the mixture. Direct 
c o m p a r i s o n  o f  th e  p a r t i a l  p r e s s u r e  o f  r u b i d i u m  in  th e  m i x t u r e  w i th  th e  
v a p o u r  p r e s s u r e  o f  p u r e  r u b i d i u m  a t  th e  s a m e  t e m p e r a t u r e  y i e ld s   ^ . 
T w e lv e  s u c h  d e t e r m i n a t i o n s  g a v e  K  ^ = 0. 547 + . 008 w h e r e  . 008 i s  th e
22
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TA B L E  2
o
E x t in c t io n  C o e f f i c i e n t s  in  P u r e  R u b id i u m  V a p o u r  f o r  th e  7948 A C o m p o n e n t
S. O. T e m p  M. O. T e m p  V. P r e s s u r e  D e n s i t y  
°C  °C  T o r r  A t o m s / c c
E x t .  C oeff .  
K c m "  *
44. 3 57. 5 2. 05 X 10“ 6 5. 99 X 1010 1. 17 X 10“
46. 8 62. 6 2. 60 X 10" 6 7. 49 X 1010 1. 56 X 10“
49. 6 64. 3 3. 38 X 10" 6 9. 67 X 1010 1. 77 X 10"
50. 4 61. 0 3. 64 X 10" 6 1. 05 X 1011 1. 89 X 10“
50. 7 61. 0 3. 73 X 10" 6 1. 08 X 1 0 11 1. 96 X 10“
52. 4 60. 5 4. 35 X 10“ 6 1. 26 X 1011 2. 49 X 10"
53. 5 64. 2 4. 80 X 10“ 6 1. 37 X 1 0 11 2. 77 X 10“
56. 2 70. 0 6. 10 X 10“ 6 1. 72 X 1011 3. 52 X 10“
58. 0 71. 3 7. 20 X 10" 6 2. 02 X 1 0 11 3. 63 X 10“
58. 9 74. 5 7. 75 X 10“ 6 2. 16 X 1011 4. 02 X 10"
61. 5 73. 2 9. 56 X 10“6 2. 67 X 1 0 11 4. 88 X 10"
61. 6 81. 0 9. 65 X 10" 6 2. 63 X 1011 4. 60 X 10“
63. 0 81. 5 1. 08 X 10“ 5 2. 94 X 1011 5. 45 X 10"
63. 4 81. 2 1. 12 X 10" 5 3. 06 X 1011 5. 35 X 10"
64. 0 74. 0 1. 19 X 10“ 5 3. 31 X 10 11 6. 02 X 10"
64. 1 82. 5 1. 20 X 10“ 5 3. 26 X 1011 5. 92 X 10"
67. 0 78. 0 1. 52 X 10“ 5 4. 18 X 10 11 7. 42 X 10"
67. 5 86. 0 1. 58 X 10“ 5 4. 25 X 1 0 11 7. 51 X 10"
( T a b le  c o n t in u e d  on n e x t page)
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T a b l e  2 - E x t i n c t i o n  C o e f f i c i e n t s  in  P u r e  R u b id iu m  V a p o u r  f o r  th e  7948 X 
C o m p o n e n t  (co n t in u e d )
S. O. T e m p  M. O. T e m p  V. P r e s s u r e  D e n s i t y  E x t .  C oeff .
°C  °C  T o r r  A t o m s / c c  K c m " ^
o 00 • 8 86 . 0 1 . 76 x 1 0 " 5 4. 73 X 1 0 11 8. 43 X 1 0 " 1
68 . 8 81. 5 1 . 76 X 1 0 “ 5 4. 79 X 1 0 11 8. 25 X 1 0 " 1
69. 1 85. 5 1 . 81 X 1 0 " 5 4. 87 X 1 0 11 8. 98 X 1 0 " 1
71. 3 85. 2 2 . 15 X 1 0 " 5 5. 81 X 1 0 11 9. 80 X 1 0 " 1
73. 5 89. 0 2 . 60 X 1 0 " 5 6 . 94 X 1 0 11 1 . 10
76. 0 90. 3 3. 15 X 1 0 " 5 8. 38 X 1 0 11 1 . 22
77. 5 96. 5 3. 55 X 1 0 " 5 9. 27 X 1 0 11 1 . 32
80. 8 94. 8 4. 45 X 1 0 " 5 1 . 17 X 1 0 12 1 . 40
S. O. s id e  o v en
M. O. m a in  o v e n
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T A B L E  3
E x t in c t io n  C o e f f i c i e n t s  i n  a  K -  R b  M ix tu r e
o
f o r  th e  R b  7948  A  R e s o n a n c e  L in e
S. O. T e m p  M. O. T e m p  E x t .  C oeff .
°C  °C  K c m " 1
56. 2 71. 2 1. 82 x  1 0 " 1
56. 3 70. 9 1. 53 x  10 ' 1
56. 9 76. 8 2. 24 x  10" 1
60. 3 78. 5 2 . 39 x  1 0 ' 1
61. 8 79. 0 2 . 66  x  10  *
64. 2 82. 5 3. 54 x  10" 1
66 . 2 80. 0 4. 11 x  10 ' 1
67. 3 82. 0 4. 78 x  10 ' 1
70. 2 88 . 0 5. 45 x  10" 1
70. 8 83. 5 5. 64 x  10 ^
72. 3 88 . 0 6 . 67 x  10" 1
72. 8 86 . 6 6 . 49 x  10" 1
74. 2 89. 5 7. 23 x  10" 1
76. 8 92 . 8 8 . 34 x  10" 1
77. 0 93. 0 9. 26  x  1 0 " 1
78. 7 88 . 0 9. 35 x  10" 1
80. 0 94. 9 1. 01
( T a b le  c o n t in u e d  o n  n e x t  page)
^ 0 9 7 9
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T a b l e  3 -  E x t i n c t i o n  C o e f f i c i e n t s  in  a  K -  R b  M ix tu r e  f o r  th e  R b  7948 A 
R e s o n a n c e  L in e  (c o n t in u e d )
S. O. T e m p  
°C
M. O. T e m p  
°C
E x t .  C oeff .  
K c m "  ^
80. 5 94. 9 1. 05
81. 8 95. 0 1. 14
84. 0 100. 5 1. 20
86 . 4 100. 5 1. 35
88 . 7 112 . 0 1. 50
S. O. s id e  o v en
M. O. m a i n  o v e n
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TEMPERATURE ( Deg C )
F ig .  8. T h e  V a r ia t io n  w ith  T e m p e r a t u r e  of th e  E x t in c t io n  C o e f f i c i e n t s  f o r  P u r e  
R u b id iu m  V a p o u r  and  f o r  a P o t a s s i u m - R u b i d i u m  M ix tu r e
a v e r a g e  d e v ia t io n .  S u b s t i t u t io n  in to  e q u a t io n  (24) y i e ld s  th e  e x p r e s s i o n  
= 0. 547 P G> w h ic h  w a s  u s e d  to  d e t e r m i n e  th e  p a r t i a l  p r e s s u r e  of 
r u b i d i u m  v a p o u r .
T h e  f l u o r e s c e n t  i n t e n s i t y  r a t i o s  ( 7 ^ 2 1 ^ °  4 , r e p r e s e n t
th e  o b s e r v e d  v a l u e s  w h ic h  w e r e  m e a s u r e d ,  u s in g  f i l t e r s ,  o v e r  3 i n d e p e n d ­
e n t  r u n s .  S in c e  th e  n e u t r a l  d e n s i t y  f i l t e r  t r a n s m i t t e d  7, 07 x  1 0 '^  of th e
o
r e s o n a n c e  f l u o r e s c e n c e  (7665 A) a n d  th e  tw o  r u b i d i u m  f i l t e r s  in  s e r i e s  
(# 0 0 6 5 , #0038) t r a n s m i t t e d  0. 515 of th e  s e n s i t i z e d  f l u o r e s c e n c e  (7948 A ), 
t h e  t r u e  i n t e n s i t y  r a t i o s  ^  2 \  w e r e  o b ta in e d  f r o m  th e  r e l a t i o n s h i p  ^
-  1. 37 x  10 ^ ■^*ie  s l ig h t  d i s c r e p a n c y  b e tw e e n  th e  o b s e r v e d
t r a n s m i s s i o n  of th e  i n t e r f e r e n c e  f i l t e r s  a n d  t h a t  q u o te d  b y  th e  m a n u f a c t ­
u r e r  (. 552),  i s  d u e  to  th e  i m p e r f e c t  c o l l i m a t i o n  of th e  f l u o r e s c e n t  l ig h t  
e m i t t e d  f r o m  a  f i n i t e  v o lu m e  w i th in  th e  c e l l .  A g r a p h  of '7^2.1 a ga i n s t  
r u b i d i u m  v a p o u r  p r e s s u r e  i s  sh o w n  in  F ig .  9 an d  th e  t o t a l  c r o s s  s e c t i o n  
Q.2\ w a s  c a l c u l a t e d  f r o m  th e  s lo p e  of th e  l i n e a r  r e g io n  u s in g  ^  = 2. 71
_ O o c
x  10 s e c  “ . T h i s  c r o s s  s e c t i o n  i s  c o m p a r e d  in  t a b le  5 w i th  c r o s s
1 8s e c t i o n s  f o r  R b  -  C s  c o l l i s i o n s .
(ii) D i s c u s s i o n  of th e  R e s u l t s
T h e  graph in Fig. 9 does not pass through the origin but has 
a  f in i te  i n t e r c e p t  c a u s e d  b y  s o m e  t r a n s m i s s i o n  of th e  u n w a n te d  p o t a s s i u m  
r e s o n a n c e  f l u o r e s c e n c e  t h r o u g h  th e  i n t e r f e r e n c e  f i l t e r s .  T a b le  1 sh o w s  
th e  t r a n s m i s s i o n  of t h i s  u n w a n te d  l in e  to  b e  a b o u t  2 x  1 0 "^  f o r  e a c h  of 
th e  f i l t e r s  (# 0 0 6 5 ,  #0038).  S in c e  th e  c o n d i t io n s  in  th e  a c t u a l  e x p e r i m e n t
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TABLE 4
F l u o r e s c e n t  I n te n s i ty  R a t io s  in  a K - Rb M ix tu re
S. o .
° c
M. O.
°C
<3>zi/ ) o
d o ' 4 )
%  21 
( 10‘ 6 )
R u b id iu m  P a r t i a l  
P r e s s u r e  ( 10"^ t o r r )
78. 6 97. 2 3. 03 4. 16 2. 12
82. 1 98. 6 3. 23 4. 43 2. 79
83. 9 97. 5 3. 25 4. 46 3. 20
86 . 2 98. 6 3. 28 4. 52 3. 83
89. 3 103. 2 3. 46 4. 75 4. 81
91. 0 106 . 0 3. 60 4. 93 5. 47
93. 3 108. 5 3. 65 5. 00 6. 43
94. 9 106. 0 3. 82 5. 25 7. 11
95. 8 106. 0 4. 05 5. 55 7. 60
98. 2 108. 7 3. 92 5. 42 9. 00
99. 75 111. 3 4. 25 5. 83 9. 96
102 . 1 116. 0 4. 80 6. 59 1. 19 x  10
103.0 121 . 0 4. 68 6. 42 1. 26 x  10
104. 7 119. 8 5. 02 6. 89 1. 40 x  10
107. 2 116 . 0 5. 55 7. 61 1. 6 6  x  10
1 0 9 .  3 121 . 2 6. 38 8. 75 1. 9 0  x  10
112 . 0 124. 1 7. 76 1. 06 x  10 2. 27 x 10
112 . 2 124. 1 7. 85 1. 08 x  10 2. 33 x  10
120 . 0 125. 0 1. 24 1. 70 x  10 3. 72 x  10
S. O. s id e  oven
M. O. m a in  oven
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced 
with 
perm
ission 
of the 
copyright owner. 
Further reproduction 
prohibited 
without perm
ission.
TEM P E R A T U R E  ( Deg  C )
8 0  9 0  1 0 0  110 1 2 0
5
0
5
0
0 5 10 15 2 0 3 0 5
RUBIDIUM P AR TI AL P R E S S U R E  ( I 0“ 5 T o r r )
Fig . 9. A P lo t  of th e  In te n s i ty  R a t io  ^  A g a in s t  the  P a r t i a l  P r e s s u r e  of R u b id iu m
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T A B L E  5
C r o s s  s e c t io n s  f o r  i n e l a s t i c  c o l l i s io n s  b e tw e e n  u n l ik e  a lk a l i  a t o m s
C o l l i s io n
P a r t n e r s
C o l l i s io n  c r o s s s e c t i o n
E n e r g y  d e fe c t  
6 E cm " ^ S o u r c eD e s ig n a t io n V a lu e  (A 2)
Rb - C s Q 12'<5 2 p i / 2 ^ 6 2 p 3 /2 ) 1. 5 + 0. 4 847
18C z a jk o w s k i ,  M c G i l l i s ,  K r a u s e
Rb - Cs
Q l l ' , 5 2 p i / 2^ 6 2 p l / 2 ) 0. 5 + 0. 1
1401 18C z a jk o w s k i ,  M c G i l l i s ,  K r a u s e
Rb -  C s Q 2 / ( 5 2P  3 / 2- * 6 2 p 3 / 2> 0 . 9 + 0. 2 1084
18C z a jk o w s k i ,  M c G i l l i s ,  K r a u s e
Rb -  Cs Q 2l '< 5 2 p 3 / 2 ^ 6 2 p i / 2> 0. 3 + 0. 1 1638
18C z a jk o w s k i ,  M c G i l l i s ,  K r a u s e
Rb - K
Q 2 1/ ( 42p 3 / 2^ 52p i / 2) 5. 7 + 0. 9
466 T h i s  in v e s t ig a t io n
33
w e r e  d i f f e r e n t  f r o m  th o s e  p r e v a i l in g  d u r in g  th e  d e t e r m in a t io n  of the  
f i l t e r  t r a n s m i s s i o n s ,  the  v a lu e  quo ted  in  ta b le  1 is  on ly  u s e fu l  in  th a t
i t  s u g g e s ts  th e  p o s s ib i l i ty  of a f in i te  i n t e r c e p t  in  the  %  - P  g rap h .  It
16 19 - " L ah a s  b e e n  show n p r e v io u s ly  ’ th a t  th i s  in t e r c e p t  i s  g iven  b y  /L =
w h e re  & i s  th e  t r a n s m i s s i o n  of th e  i n t e r f e r e n c e  f i l t e r s  to  r e s o n a n c e  
f l u o r e s c e n c e  and p  is  t h e i r  t r a n s m i s s i o n  to  s e n s i t i z e d  f lu o r e s c e n c e .
T h e  in t e r c e p t  of 3. 7 x  10"^ , ta k e n  f r o m  F ig .  9, y ie ld s  the  t r a n s m i s s i o n  
of th e  i n t e r f e r e n c e  f i l t e r s  to  the  un w an ted  l in e  equa l to  1. 9 x  10” ^, w h ich  
i s  of the  s a m e  o r d e r  a s  the  v a lu e  quo ted  in  ta b le  1. In the  a b s e n c e  of 
r a d ia t io n  t r a p p in g ,  the  p a r a m e t e r s  b and  (3 a r e  in d e p e n d e n t  of v a p o u r  
d e n s i ty  and  th e  s lo p e  of th e  s t r a i g h t  l in e  i s  u n a ffec ted .  T h e  d e p a r t u r e  
f r o m  l i n e a r i t y  a t  h ig h e r  p r e s s u r e s  i s  due to  the  i n c r e a s e  in  th e  e f fe c t iv e  
l i f e t im e  of the  K ^ P 3 /2  s ta t e  c a u s e d  b y  the  im p r i s o n m e n t  of th e  p o t a s s iu m  
r e s o n a n c e  ra d ia t io n .  I t  w as  e s t i m a t e d  f r o m  F ig .  9, th a t  n o n l in e a r i t y  
and  th u s  r a d ia t io n  t r a p p in g  s e t s  in  a t  abou t 101°C. A ga in ,  a s s u m in g  
S e iw e r t1 s c o n te n t io n ,  P 2 = V 2^*°’ w^ e r e  ^ 2 *n ^ i s  c a s e  is  th e  p a r t i a l  
p r e s s u r e  of p o t a s s iu m  v a p o u r  in  th e  m i x tu r e  and
\  2 ~ — —  = 1 /  r 1 + i  = o. 4 5 3 ,
n(K) + n(Rb) L n(K) J
t h i s  t e m p e r a t u r e  c o r r e s p o n d s  to  a p a r t i a l  p o t a s s iu m  v a p o u r  p r e s s u r e  
of 1. 0 x  10 - 5  t o r r ,  in  e x a c t  a g r e e m e n t  w ith  th e  r e s u l t  o b ta in ed  by  
C h a p m a n  and K r a u s e ^  w ith  p u r e  p o t a s s iu m  v ap o u r .  I t  th u s  a p p e a r s  
th a t  the  m o le  f r a c t i o n   ^ r e m a in e d  c o n s ta n t  o v e r  a t  l e a s t  th e  r a n g e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
of t e m p e r a t u r e s  d e f in e d  b y  th e  l i n e a r  p o r t io n  of the  ^  - P  plot. T h is  
r e s u l t  p r o v id e s  f u r t h e r  in d ic a t io n  th a t  S e iw e r t1 s c o n ten t io n  is  a p p l ic a b le  
to  the  co n d i t io n s  of th i s  e x p e r im e n t .
2 &A c c o rd in g  to  F r a n c k ' s  r u le  , the  c r o s s  s e c t io n s  Q ab  shou ld
h a v e  th e  fo llow ing  d e p e n d e n c e  on th e  e n e r g y  d e fe c t  A E : Q ab = j l (A E )
w h e re  ^  i s  a  p ro p o r t i o n a l i t y  c o n s ta n t .  C z a jk o w s k i ,  M c G il l is  and  K ra u s e ^
found oC = 2. 1 + 0. 1 f o r  Rb - C s  c o l l i s io n s .  F ig .  10 i s  a  p lo t  of a l l  the
_ 2 1c r o s s  s e c t io n s  in  ta b le  5 a g a in s t  (AE) * and  i t  m a y  b e  s e e n  th a t  the
c r o s s  s e c t io n  f ° r  K - Rb c o l l i s io n s ,  o b ta in ed  in  th i s  in v e s t ig a t io n ,
13ob ey s  th e  s a m e  r e la t io n s h ip .  C h a p m a n  and K r a u s e  show ed  th a t  f o r  
c o l l i s io n s  b e tw e e n  id e n t ic a l  a to m s  oC = 0. 9 + 0. 2. H e n c e ,  i t  a p p e a r s  
th a t  the  m e c h a n i s m  g o v e rn in g  e n e r g y  t r a n s f e r  b e tw e e n  id e n t ic a l  a lk a l i  
a to m s  i s  d i f f e r e n t  th a n  f o r  d i s s i m i l a r  a to m s .  F u r t h e r  in v e s t ig a t io n  of 
e x c i ta t io n  t r a n s f e r  in  K - Rb c o l l i s io n s  w h ich  i s  now in  p r o g r e s s ,  shou ld  
p ro v id e  a d d i t io n a l  in s ig h t  in to  th i s  p ro b le m .
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( AEcm-'r^'dO-6 )
Fig. 10. A P l o t  of th e  C r o s s  S ec t io n s  fo r  Rb - C s  and  K - Rb C o l l i s io n s  A g a in s t  
the  R e c i p r o c a l s  of th e  E n e r g y  D e fe c t s  R a i s e d  to  th e  P o w e r  2. 1
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